In Brief
Animals make behavioral choices for survival when faced with competing inputs, for example, to mate or to flee. Diaz-Verdugo et al. show that zebrafish choose mating behavior over escape from a potential threat and identify a region of the forebrain that reflect this decision.
SUMMARY
Mating and flight from threats are innate behaviors that enhance species survival [1, 2] . Stimuli to these behaviors often are contemporaneous and conflicting [3, 4] . Both how such conflicts are resolved and where in the brain such decisions are made are poorly understood. For teleosts, olfactory stimuli are key elements of mating and threat responses [5] [6] [7] . For example, zebrafish manifest a stereotypical escape response when exposed to an alarm substance released from injured conspecific skin (''skin extract'') [8, 9] . We find that when mating, fish ignore this threatening stimulus. Water conditioned by the mating fish (''mating water'') suffices to suppress much of the alarm-response behavior. By 2-photon imaging of calcium transients [10] , we mapped the regions of the brain responding to skin extract and to mating water. In the telencephalon, we found regions where the responses overlap, one region (medial Dp) to be predominantly activated by skin extract, and another, Vs, to be predominantly activated by mating water. When mating water and skin extract were applied simultaneously, the alarm-specific response was suppressed, while the mating-water-specific response was retained, corresponding to the dominance of mating over flight behavior. The choice made, for reproduction over escape, is opposite to that of mammals, presumably reflecting how the balance affects species survival.
RESULTS AND DISCUSSION
In many species, sexual motivation is reduced in the presence of life-threatening stressors, such as dietary deprivation, pain, or the presence of a predator [3, 11] . For example, both mice and live-bearing guppy fish reduce their overall level of sexual activity when they are exposed to risk of predation [12, 13] . Zebrafish have a very different reproductive strategy from these, laying hundreds of eggs, which are externally fertilized and develop without parental care.
Mating behavior in zebrafish includes stereotypical elements of male chasing and lateral contact preceding egg laying, and it is modulated by reproductive pheromones, including 17a,20b-Dihydroxy-4-pregnene-3-one-20-sulfate (17,20P-S) and PGF2a [6, 14, 15] released both before and during mating [16] [17] [18] . The best characterized behavioral threat response in fish is to Shreckstoff, which is released from injured skin (''skin extract'') and which induces in conspecifics high-velocity erratic swimming, bottom dwelling, freezing, and increased rate of respiration [5, 9] . We utilized these innate zebrafish behaviors to explore how zebrafish make adaptive decisions in the presence of conflicting survival cues and to elucidate neural activity signatures of such decisions.
We first characterized the behavioral response of single adult zebrafish to skin extract. As previous studies have shown, this response was dramatic and stereotypical [8, 9] , characterized by rapid, erratic swimming followed by bottom dwelling and freezing (Figures S1A and S1B; Video S1). Our behavioral assay and skin-extract preparation yielded this behavioral response 87% of the time.
We then tested fish responses to skin extract in the context of mating ( Figure 1A) . One male and one female fish (''mating pair'') were placed in a tank overnight, separated by a transparent divider that permits water mixing across the divider. The next morning, the divider was removed and the fish permitted to mate for at least 5 min before exposure to skin extract. When skin extract was delivered to a mating pair engaged in mating behavior, the alarm-response behavior was completely suppressed ( Figures 1B and 1F) , and the mating pair continued mating, inclusive of courtship behavior display and the release and fertilization of eggs (Video S2). Mating pairs that did not engage in mating behavior, or performed courtship behavior but did not yield fertilized eggs, also suppressed alarm-response behavior, but to a lesser degree (44% of the pairs responded; Figure 1B ). After mating, fish moved to fresh water manifested the alarmresponse behavior (86% of the fish responded to skin extract post-mating-the same ratio we observed with naive single fish), suggesting that the suppression of the response to skin extract ended after mating. We tested pairs consisting of two male or two female fish and found that such same-sex pairings retained the alarm-response behavior ( Figure 1C ), indicating that the suppression was due to mechanisms other than social buffering [19] . These data therefore suggest that mating behavior suppresses fish responses to skin extract.
We explored whether some of the suppression of the alarmresponse behavior was transmitted by olfactory cues. Cyprinids, including zebrafish, secrete pheromones to prime the opposite sex before and during mating [16] . We housed single fish in water primed by overnight housing of a successful mating pair (''mating water'') prior to exposing them to skin extract. Alarm-response behavior decreased to 29% from the 87% alarm-response behavior exhibited in fresh water ( Figure 1D ). Varying the skinextract concentration in the presence of mating water yielded a dose-dependent alarm-response behavior; mating water did not suppress the response elicited by the highest concentrations of alarm substance ( Figure S1C ). Moreover, we also found that the alarm-response behavior of mating pairs increased from 0% to 67% if, prior to the behavioral trial, the pair was transferred from their tank with water of their overnight housing to a new, clean tank with fresh water (Figures 1E and 1G ). This observed effect was unlikely to be due to the act of transferring the mating pair to a new tank, as pairs transferred to a tank with mating water still lacked nearly any alarm behavior response to skin extract (1 of 17 pairs responded, i.e., 6%). These data indicate that at least part of mating suppression is due to pheromones released into the tank water by the mating pairs. Thus, olfaction appears to play an important role in suppression of response to skin extract.
We were curious as to where in the brain alarm-response versus mating behavior decisions are made. Using the genetically encoded calcium indicator GCaMP6s, expressed in neurons (tuba1a:GCaMP6s [10] ), we assayed responses in the brains of 30-40-day-old juvenile zebrafish, the oldest ages during which the brain was sufficiently optically accessible for our recordings of calcium signals (Video S3). Before doing so, we verified that, like in adult zebrafish, skin extract elicited alarm-response behavior in juvenile fish (although requiring 10 times higher concentration), and juvenile alarm-response behavior was significantly suppressed by mating water (95% responded to skin extract when exposed in fresh water, n = 19; 53% when exposed in mating water, n = 17; p = 0.006, Fisher's exact test). To focus our studies on brain regions of maximal responsiveness, we then mapped responses to mating water and skin extract using widefield calcium imaging ( Figures S2A and S2B) . We found the strongest responses in the olfactory bulb (OB), the medial, lateral and posterior part of the dorsal telencephalon (Dm, Dl, and Dp, respectively), and the supracommissural nucleus of the ventral telencephalic area (Vs; Figure S2C ). Hence, we focused our studies on these regions.
We first explored the olfactory bulb, assaying responses using fast volumetric 2-photon microscopy. We recorded 13 planes across a depth of 192 mm and manually segmented the glomeruli and glomerular clusters ( Figures S2D and S2E ), which had been previously identified to respond to skin extract and sex pheromones [6] . Consistent with previous characterizations of skinextract response [6, 20] , we found two glomeruli specifically and one female (magenta) was housed overnight in the same tank, physically separated by a transparent divider. The next morning, the divider was removed, and video recording commenced. After at least 5 min following the first display of mating behavior, the stimulus (skin extract or control E3 water) was delivered. The behavioral outcome was then scored as a change (mating disrupted; alarm response) or no change (mating continues; no alarm response).
(B) Change in behavior when single fish or mating pairs were exposed to skin extract. Single fish were placed in fresh tank water (fresh water; n = 31), whereas mating pairs were left in the same tank water from their overnight housing (mating water). Mating pairs either laid fertilized eggs (laid eggs; n = 18) or laid no eggs (no eggs; n = 9). (C) Change in behavior when two fish of the same sex (same sex pair; cyan, male; magenta, female) fish were exposed to skin extract when placed in either fresh water (fresh water; n = 12) or water from their same-sex overnight housing (social water; n = 10).
(D) Change in behavior when mating pairs were exposed to skin extract upon being placed in fresh tank water (fresh water; n = 19) or left in the same tank water from their overnight housing (mating water; n = 18).
(E) Change in behavior when single fish were exposed to skin extract for the first time upon being placed in fresh water (fresh water; n = 31) or in mating water from a successful mating pair (mating water; n = 34). See also Figure S1 and Videos S1 and S2. Fisher's exact test; ***p < 0.001, **p < 0.01, *p < 0.05; n.s., not significant.
activated by skin extract (Figure 2A ): the anterior part of the dorsal glomerular cluster (dG) and the anterior-most glomerulus of the lateral glomerular cluster (lG). Mating water activated a large olfactory bulb area: the medio-anterior glomerular cluster (maG), the dorsal glomerular cluster, and the ventro-medial glomerular cluster (vmG). In particular, mating water activated areas known to respond to sex pheromones, such as PGF2a and 17,20P-S [6, 14] , the lateral part of the vmG cluster and the maG cluster, respectively ( Figure 2B ). When both odors were applied simultaneously as a mixture, mating-water-and skin-extract-responsive glomeruli responded concomitantly and with similar magnitudes as those elicited by each pure odor alone ( Figures  2C and 2D ). The OB response map to the stimulus mixture therefore suggests independent, non-interacting processing of the two stimuli.
We then explored responses in the telencephalon, recording from nine planes across a depth of 175 mm using fast volumetric 2-photon microscopy ( Figure 3A ). In accordance with our widefield imaging, both odorants generally elicited responses in Dm, Dl, medial Dp, and the lateral part of Vs ( Figure S3A ). We segmented neuron-sized regions of interest (rois) and computed their fluorescence change over time ( Figure S3B ) [21] . We observed areas predominantly activated by only one of the two stimuli ( Figure 3A ) in addition to areas activated by both. Mating water strongly activated a region in the medial part of Vs (Figure 3A , yellow-dotted region), the putative homolog of the mammalian medial amygdala, a nucleus involved in mapping chemosignals to behavior [22] . Skin extract strongly activated the medial part of Dp, excluding the prominent lateral part of Dp often associated as the putative homolog of the mammalian piriform cortex, the primary higher-order cortical region for olfactory processing [23] , and a more posterior-lateral aspect of Dm, the putative homolog of mammalian basolateral amygdala, a nucleus involved in learned emotional associations ( Figure 3A , reddotted regions [24] ). The telencephalic response to the mixture of mating water and skin extract was not additive ( Figure 3A) . Segmented rois responding to the mixture included those in the medial part of Vs, which contained mating-water-selective rois, but not those in medial Dp and posterior-lateral Dm, which contained skinextract-selective rois. Hence, when exposed to both mating water and skin extract simultaneously, the mean responses of rois that exclusively responded to mating water were mostly unchanged, but the mean response of rois that responded exclusively to skin extract were significantly suppressed ( Figure 3B ). The rois responding to the mixture were therefore nearly identical to those responding to mating water alone; skin-extract-selective rois were nearly completely suppressed ( Figure 3C ).
Therefore, we observed a correlation between the behavioral and neural activity responses to the coincident presentation of stimuli with conflicting valences. Behaviorally, zebrafish engaged in mating tend to ignore the putative threat signaled by skin extract. This was mirrored by the mating-water-induced suppression of higher-order telencephalic brain regions otherwise stimulated by skin extract.
Interestingly, this response to these conflicting inputs differs from what has been observed in rodents and live-bearing fish, in which threats tend to suppress mating behaviors [12, 13] . It is believed that different mating strategies have evolved to confer context-dependent fitness advantages [25] . Fish that utilize external fertilization employ a variety of distinctive parenting strategies, with the most primitive believed to be no parental care, as for zebrafish, and other species evolving toward uniparental or biparental care [26, 27] . The interaction of alarm response with mating has been observed in another cyprinid species, crucian carp, in which ovulating females tended to suppress alarm-response behavior.
[28] Although we do not know of data explicitly addressing the issue, it seems not unreasonable to expect that the prioritization of the response to threat also might differ between species that favor the nurturing of fewer offspring, as do mice and guppies, as opposed to zebrafish, which lay hundreds of eggs and provide no parenting support. Each colored dot represents an roi activated in response either to one stimulus specifically (magenta, mating water; green, skin extract), to both stimuli (white), or to the mating-water and skin-extract stimulus mixture (cyan). Red-dotted regions contain skin-extract-selective rois that were suppressed when given the stimulus mixture (Dp and posterior-lateral Dm). Yellow-dotted region delineates Vs, which contain mating-water-selective rois, whose activity persisted when given the stimulus mixture.
(B) Left panel: mean DF/F signal of mating-water-selective rois in the telencephalon (n = 4,104 rois, n = 6 fish). Right panel: mean DF/F signal of skin-extractselective rois in the telencephalon (n = 4,109 rois, n = 6 fish). (C) DF/F signal of skin-extract-(top rows) or mating-water-(bottom rows) selective rois in a 20-s window post-delivery of mating water, skin extract, or mixture stimulus (n = 8,213 rois, n = 6 fish). See also Figure S3 . Tel, Telencephalon; OB, olfactory bulb; Hb, habenula; OT, optic tectum; DI, lateral zone of the dorsal telencephalic area; Dm, medial zone of the dorsal telencephalic area; Dp, posterior part of the dorsal telencephalic area; Vs, supracommisural nucleus of the ventral telencephalic area; and Vp, postcommisural nucleus of the ventral telencephalic area. Scale bar, 50 mm.
The Vs location of the mating-water response area is concordant with observations in sockeye salmon, in which electrical stimulation of Vs induces spawning behavior in both males (ejaculation) and females (oviposition), even in the absence of a mating partner [29] . To our knowledge, although OB responses to skin extract have been studied [20] , the telencephalic basis of the skin-extract response has not been described before. Although it is possible that mating-responsive neurons directly suppress the alarm-specific responses, the specific circuitry remains to be elucidated. Future work should also characterize responses in the hypothalamus, a deep brain region thought to integrate conflicting inputs in mammals [13] .
STAR+METHODS
Detailed methods are provided in the online version of this paper and include the following: 
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EXPERIMENTAL MODEL AND SUBJECT DETAILS
Animal husbandry Zebrafish (Danio rerio) were raised in mixed sex 3 L tanks in a recirculating Aquatics Habitats facility (Pentair, USA). Fish were maintained on a 14:10 hour light: dark cycle at 28 C. For behavior experiments, fish (AB strain) ages 7-18 months were used. For imaging experiments, fish (Albino strain; Tg(tuba1a:GCaMP6s)) ages 30-40 days post-fertilization were used. All procedures were performed in accordance to institutional guidelines (Institutional Animal Care and Use Committee).
Animal preparation for in vivo imaging experiments
Fish were anesthetized by incubation in 0.00168% tricaine mesylate (MS 222, Syndel) for 5 min. Following anesthesia, fish received $7-10 nL intramuscular injections of 1 mg/mL alpha-bungarotoxin (Biotium, 00010-1) at two locations on the trunk: (1) proximal to the dorsal fin and (2) half way between the dorsal fin and the tail fin. Fish were then mounted in 2% agarose (Sigma Aldrich, A4018) in a sample dish. Agarose was removed from the mouth and around the gills to allow for gill perfusion. Fish were transferred to the microscope stage and perfused through the mouth with 3.75 mL/min of E3 through a 200 mm inner diameter glass capillary tube that was positioned 7.5 mm away from the tip of the fish's mouth. Fish were allowed to recover from anesthesia and acclimate to the setup for 1 hour before experimental data collection commenced. This preparation allowed fish to survive healthily for at least 4-6 hours.
Odorant solution preparation
All odorant stock solutions were made in embryo medium (E3; 5 mM NaCl, 0.17 mM KCl, 0.33 mM CaCl 2 , 0.33 mM MgSO 4 in reverseosmosis deionized water [31] ). A given batch of skin extract was collected from 5 male and 5 female adult AB fish. Fish were processed sequentially, starting with males first. Each fish was anesthetized by incubation in freezing water (0 C) for 5 min and then REAGENT placed in a Petri dish cap. A scalpel was then used to scrape off scales. Shallow incisions (5-15) were made on each side of the fish. A total of 15 mL of E3 was used to rinse both sides of the fish, and the resulting solution was collected. The fish was then transferred to another dish and euthanized by decapitation. After repeating the procedure for all 10 fish, an additional 15 mL of E3 was used to rinse out the remaining residue in the Petri dish cap into the skin extract collection vessel. The solution was then filtered through a 0.22 mm sterile vacuum filter, divided into 1 mL aliquots, and frozen at À20 C. For each experiment, a new aliquot of skin extract was taken. For imaging experiments, skin extract was diluted to 1:1000 in E3 unless otherwise noted. For adult behavior experiments, skin extract was diluted to 1:50 in E3 unless otherwise noted. These different dilutions of skin extract for imaging and for behavior were necessary due to differences in odorant delivery: for the former, odorant was delivered directly to the head of each fish; for the latter, fish encountered the odorant only after diffusion and dilution in the tank solution. For juvenile behavior experiments, skin extract was diluted to 1:5 in E3. Separate batches of skin extract were made for exclusive use in either imaging or behavior experiments. Mating water is defined as water in a tank where one male and one female fish have been swimming overnight, have mated, and have given fertilized eggs. Mating water was collected for use in imaging experiments by 0.22 mm sterile vacuum filtering fresh mating water from AB fish that were allowed to mate for 30 min. The solution was divided into 1 mL aliquots and stored at À20 C. A fresh aliquot was used for each experiment. For imaging experiments, mating water was diluted to 1:100 in E3 unless otherwise noted. For behavior, mating water used was that generated from a mating pair in the primary mating behavior assay; tanks were either filled with 900 mL of this water, or already contained this water (e.g., if a mating pair was tested in its overnight-housed tank).
Food odor was used as a positive control in imaging experiments. 1 g of Larval AP100 (Zeigler Bros, Inc.) was diluted in 250 mL of E3 and 0.22 mm sterile filtered. Filtrate was then diluted to 1% v/v for use in imaging experiments.
METHOD DETAILS Odorant delivery for in vivo imaging experiments
Odors were delivered to the fish using a VICI Cheminert low pressure injection valve (Valco Instruments, C22Z-3186EUHB) with FEP tubing (Valco Instruments, TFEP130). This allowed odorants to be delivered through the single perfusion stream. A 50 mL sample loop was used on the injection valve to deliver 50 mL of odor to the fish. Because pheromones or pheromone-containing solutions can be detected at extremely low concentrations, the sample loop was constantly rinsed with fresh E3 at 8 mL/min during an imaging trial and when not in use; this ensured no cross-contamination of solutions or brain responses. For a given fish, one odor was given per imaging trial. 60-90 s of baseline activity was recorded before odor delivery, and 60-90 s of stimulus response was recorded postdelivery. Odors were given 3 times each across an imaging session. The order of odors was randomized for a given fish, but held constant for that given fish. Fish were euthanized at the end of the imaging session.
In vivo imaging
Neuronal activity was reported by the genetically encoded calcium indicator GCaMP6s driven by the alpha-tubulin promoter. Fish were imaged either via epifluorescence or with 2-photon imaging. For both, a Thorlabs microscope was used along with a 400 mm travel, high-dynamics piezo actuator for fast, accurate z-scanning (Physical Instruments, P-725K HDS), and a 10x 0.5 NA water-dipping objective (Zeiss, 421440-9900) for epifluorescence and a 16x 0.8 NA water-dipping objective (Nikon, N16XLWD-PF) for 2-photon imaging.
For epifluorescence imaging, a 490 nm LED light source was used (Thorlabs, LED4D067) for excitation; fluorescence was collected using a CMOS camera (Hamamastu, Orca Flash 4.0v2 C11440-22CU). Images were acquired with 20 ms exposure, a frame size of 1024x1024 pixels, a field of view of 1525 by 1525 mm and at 10 hz. To minimize photobleaching and phototoxicity, the LED light source was synchronized with the CMOS camera to flash on only during the 20 ms exposure. Images were acquired at approximately 0, 200, and 400 mm deep in an area that covered the entire olfactory bulb, dorsal telencephalon, and rostral optic tectum.
For 2-photon imaging, 960 nm light was used (Spectra-Physics, Insight DS+) for excitation. In order to image at approximately 3 Hz per volume, for the olfactory bulb, 512 3 320 pixel images (509.25 by 318.28 mm field of view) were acquired at 47.8 Hz on GaAsP photomultiplier tubes, and 13 Z-planes were collected across a depth of 200 mm. For the telencephalon region, 800 3 448 pixel images (799.53 by 447.74 mm field of view) were acquired at 34.8 Hz and 9 Z-planes were collected across a depth of 198 mm. The laser power was linearly increased with depth in order to reach similar dynamic range and signal to noise levels in each of the planes.
Although anatomical brain atlases exist for larvae and adult zebrafish [24] , no such atlases have been made for juveniles and there is no precise delineation between adult telencephalic regions. For the purposes of this study, we defined anatomical regions as follows: the olfactory bulb was defined as for adults. Dm was distinguished by the midline and a highly pronounced sulcus ypsiloniformis between it and the dorsal zone of the dorsal telencephalon (Dd). Regions deemed Dl were those that were dorso-lateral in the dorsal telencephalon, to avoid confusion with Dd. Dp was defined as being in posterio-lateral aspect of the dorsal telencephalon, and distinguished from Dl by its strong responses to food odor. Vs was defined as the most medial region proximal to the highly pronounced dorsal part of the anterior commissure and the telencephalic ventricle.
Behavior assay
Breeding tanks (SBTANK (1L), Aquatic Habitats, USA) designed for fish mating with a sloped insert were filled with 900 mL of water from the Aquatics Habitats facility system (fresh water) unless otherwise noted. Pipette tips preloaded with 450 mL of either skin extract dissolved in E3 or E3 vehicle control were suspended above the tank center, and opaque curtains were drawn around the behavior apparatus. Pipette tips were connected to a digitally-controlled peristaltic pump (ISMATEC Reglo ICC ISM4408, ColeParmer) for solution delivery at a calibrated rate of 6 mL per minute.
For testing of how mating fish respond to skin extract, one male and one female fish were housed together overnight in mating tanks in the facility. Water could freely mix within the tank, but the fish were physically separated by a transparent plexiglass divider. In the morning, after approximately 16 hours of co-housing, fish were taken to a designated room for the behavior assay. Some mating pairs were transferred to a clean tank containing fresh water. Thirty-minute video recordings of behavior commenced once tanks were placed on the mating behavior assay apparatus. Mating tank dividers were removed, preloaded pipette tips were suspended, and curtains drawn. Following drawing of curtains, fish were manually assessed for displays of mating behavior. Mating behavior was defined as (1) chasing of female by male and (2) intertwined, parallel swimming (which often led to release of gametes). Presence of either motif or both was deemed mating behavior. A mating pair was pulsed with skin extract or E3 control water at the first mating motif, following 5 min of mating behavior. Following a mating trial, any eggs present were collected and checked for fertilization. Fish that lacked alarm-response behavior when mating were immediately tested individually with skin extract in a clean tank. One of the two fish given E3 during the mating trial was tested in its own mating water. All other fish were tested in fresh water.
For testing how same-sex pairs respond to skin extract, two males or two females were housed together overnight and separated by a transparent divider, following the same approach that we used for mating pairs. The next morning, and before the behavioral trial, half of the pairs were transferred to fresh water, while the other half were the same water from their overnight housing (''social water''). Following the drawing of curtains, fish were acclimated to the tank for at least 5 min prior application of the skin extract.
For testing how individual adult fish respond to skin extract (either post-mating or tested only individually), fish were acclimated to the tank for 10 min prior to application of the skin extract.
For testing how individual juvenile fish respond to skin extract, fish were placed in a Corning cell culture flask (CLS431081) filled with 450 mL either fresh water or mating water. Fish were acclimated to the flask for 10 min prior to the application of the skin extract.
QUANTIFICATION AND STATISTICAL ANALYSIS
Image processing Images were processed in MATLAB (The Mathworks). For all images, frames were aligned within a given trial and across trials using a custom-written algorithm that corrects for occasional drift in the XY dimension, based on hierarchical model-based motion estimation [32] . Z drift was corrected manually during the data acquisition by aligning the first imaging plane to an initial reference image between each successive imaging trial. For epifluorescence data, the change in fluorescence, DF/F was computed as (F -F 0 )/F 0 , where F is the current pixel's fluorescence intensity over time and F 0 is the current pixel's mean activity either before stimulus delivery or after stimulus response. For the 2-photon olfactory bulb data, individual glomeruli were identified and segmented manually, based on published glomerular cluster and odor maps of the zebrafish olfactory bulb [6] . For the 2-photon telencephalic data, images were processed for neuron-sized roi segmentation using the CaImAn algorithm in order to detect active neuron-sized rois [21] . CaImAn output was manually inspected and traces of each individual roi were extracted. As our meticulous XYZ drift correction ensures, but does not guarantee a perfect matching of 2-photon imaged volumes across trials, only rois active during at least 2 trials were included. For each roi, the change in fluorescence, DF/F was computed as explained above, where F is the average intensity of all the pixels belonging to each individual roi over time, and F 0 is the mean baseline activity of each roi either before stimulus delivery or after stimulus response.
Alarm-response behavior scoring and criteria Fish were considered to respond to skin extract only if their response occurred following stimulus delivery. Data from fish that exhibited abnormal behavior coincident with stimulus delivery were excluded from the study because the behavior could not be reliably attributed to the stimulus itself. Alarm-response behavior was defined by (1) high velocity, erratic swimming; (2) freezing; and (3) bottom dwelling. Criteria (1) and (2) were sufficient evidence of an alarm-response behavior. Criterion (3) was used only in conjunction with other criteria to make a behavioral assessment and was insufficient evidence by itself. If the alarm-response behavior from a given trial was ambiguous or otherwise unconfidently judged, the trial was excluded from analysis. Trials were also excluded when abnormal fish behavior was present before or during stimulus delivery (e.g., if a fish was frozen for the entire duration of a trial).
Statistical Analysis
Statistical analysis was done using Excel (Microsoft). For categorical data such as the assessment of alarm-response behavior, a Fisher's exact test was used. p < 0.05 was considered as statistically significant.
DATA AND CODE AVAILABILITY
The dataset/code supporting the current study have not been deposited in a public repository because of its large size but are available from the corresponding author on request.
